Abstract
that in a typical aquifer the error in h(x, t) in early time is mainly caused by the 27 random initial condition and the error reduces as time progresses to reach a constant The error caused by the uncertain head boundary is limited in a narrow zone near the can be written as, 
The analytical solution to Eq. (4) can be derived with integral-transform methods
135
(Ozisik, 1968) given by
. Using Eq. (5), the temporal covariance of the 138 groundwater level fluctuations can be derived as 
. Substituting these covariance into (6) and taking 154 integration, one obtain analytical solution of head covariance 
where  is angular frequency and  = 2f, f is frequency, and
Eq. (9) that the spectrum hh S is dependent on not only frequency and locations but t. We evaluated the first term in the Eq. (9) by setting t=0 and found that it is much 182 smaller than the second term in Eq. (9). We thus ignored the first term and evaluated 183 the spectrum using the approximation, 
196
We first evaluate the effect of the random initial condition due to the random 197 term, W0, by setting 0
. In this case the dimensionless variance in Eq. (Fig. 2d) . The error in h(x, 11 t) due to the uncertainty in the source/sink is significant almost everywhere in the 228 aquifer: the further away from the constant head boundary, the larger the error, similar 229 to the previous case with the random initial condition (Fig. 2b) . (Fig. 2h) . 8) is written in the dimensionless form as the log-log plot (Fig. 3a-3c) for three values of tc (40, 400, and 4,000 days) since the 288 value of tc is 250 days for a sandy aquifer as we mentioned above and at the six the larger the spectrum (Fig. 3a-3c ). All spectra in Fig. 3a are not a straight line in 296 the log-log plot, meaning that the temporal scaling of h(x, t) doesn't exist in the 297 range of f =10 -3 10 0 when tc=40 days. As tc increases to 400 and 4000 days, 298 however, the spectrum at x'=0 become a straight line (the top curve in Fig. 3b and 3c ) 299 or has a power-law relation with f, i.e., of f. It is shown that similar to Fig. 3a-3c , the spectrum decreases as f increases but 308 different from Fig. 3a-3c , the spectrum is larger at x'=0.9 near the right boundary
309
(the top curves in Fig. 3d-3f) than that x'=0.0 (the bottom curves). Furthermore,
310
none of the spectra are a straight line in the log-log plot, indicating that the temporal values of tc and x' and presented in Fig. 3g-3i as a function of f. It is shown that 316 when tc=40 day the spectrum in Fig. 3g is horizontal at low frequencies and become 317 a straight line at high frequencies: the closer to the right head boundary, the later it 318 approaches a straight line (Fig. 3h) . As tc increases to 400 and 4000 days, the slope
319
of the spectrum at all locations except at x'=0.9 approaches to a straight line with a 320 slope of 2 ( Fig. 3h and 3i) ,
indicating a temporal scaling of h(x, t). The fluctuations

321
of groundwater level is a Brownian motion, i.e.,
, when tc4000 day or in 322 a relatively less permeable and/or has a much larger horizontal length than its 323 thickness.
324
Finally, the head spectrum due to the combined effect of all three random 325 sources (the white noise recharge, and flux and head boundaries) was evaluated, i.e., combined case is similar to the case under the random source/sink only ( Fig. 3g-3i) 
331
except at x'=0.0 and 0.9 (the dashed and dotted curves in Fig. 3j , respectively) due 332 to the strong effects of the boundary conditions at these two locations. At tc=4000 
Conclusions
343
In this study the effects of random source/sink, and initial and boundary x'=0.9 t =40 day t =400 day t =4000 day t =40 day t =400 day t =4000 day t =40 day t =400 day t =4000 day 
